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CONNECTOR ASSEMBLING WITH SIDE GROO VING PIN , 



The invention relates to a connector adapted for mat- 
ing with a header with one or more side grounding pins, 
comprising a first insulating connector body part with one or 
more receiving spaces for a side grounding pin, a conductive 
5 shield, substantially covering a first face of the connector 
body part, and one or more outer flexible beams, in electrical 
contact with the shield, and each protruding into a receiving 
space and to a connector assembly comprising a plurality of 
such connectors . 
10 Embodiments of such a connector and assembly are 

known. One example comprises a stackable configuration of con- 
nectors with ground tabs to mate with the optional side 
grounding pins in a mating header. Each connector has its own 
shield. 

15 The conductive shield in such a connector is used for 

grounding. The conductive contact between the connector and 
the grounding pins of the header must therefore have a very 
low resistance, to take account of the low currents and volt- 
age differences. Low resistance can be provided through high 

20 contact pressure between each flexible beam and its associated 
grounding pin. At the same time, plastic deformation of either 
the side grounding pin or the flexible beam should be pre- 
vented, so as to be able to repeatedly exert the same contact 
pressure. The flexible beam may not be very long either, since 

25 this would create exti-a inductance, leading to deteriorated 
shielding performance. 

The known connector does not fully meet these re- 
quirements- To exert sufficient force, the beams must be made 
relatively thick, resulting in less flexibility. In addition, 

30 since only one face of the connector is covered by a conduc- 
tive shield, the conductor is asymmetric, giving rise to 
impedance "steps' and, consequently, sub-optimal shielding of 
high frequency signals. 
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It is an object of the invention to provide a connec- 
tor and connector assembly of the type mentioned above with 
better shielding properties. 

Accordingly, the connector according to the invention 
5 is characterised in that the connector comprises one or more 
inner flexible beams, each positioned relative to an outer 
flexible beam so as to make contact with the outer flexible 
beam when it is forced out of the receiving space. 

Thus, the contact pressure between outer beam and 
10 side grounding pin is the result of the flexing of two beams, 
instead of only the outer beam. It is thus possible to provide 
beams that are more flexible, or to position the beams in such 
a way that they are bent over a smaller angle when the outer 
flexible beam is forced out of the receiving space through 
15 contact with a side grounding pin. In this way, plastic defor- 
mation is prevented. The contact pressure therefore does not 
change through repeated flexing by the side grounding pin. 

According to an aspect of the invention, the connec- 
tor comprises a second conductive shield located on a face of 

2 0 the connector opposite the first face and in electrical con- 

tact with the first conductive shield. 

Thus, a more symmetric type of shielding is provided. 
This helps to eliminate abrupt and large changes in local im- 
pedance, thus ensuring that the shielding is more effective at 
25 high frequencies. 

In the preferred embodiment of the invention, at 
least one inner flexible beam is in electrical contact with 
the second conductive shield.. 

Thus, effective contact between the two conductive 

3 0 shields is ensured, providing a shielding that substantially 

encases the entire conductor. 

According to an aspect of the invention, each beam is 
an integral part of a cover shield. 

Thus, no separate parts are needed for the inner 
35 flexible beam or the outer flexible beam. Since in almost all 
applications, the dimensions of this beam will be small, 
avoiding handling, tooling, and mounting operations of a beam 
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provided as a* separate part makes manufacturing much easier 
and less expensive- Tolerances in the positioning of the inner 
flexible beam can also be much smaller. 

In a preferred embodiment, the inner flexible beam is 
5 in contact with the outer flexible beam when the outer flexi- 
ble beam protrudes into the receiving space. 

Thus, the inner and outer flexible beams both flex 
from the moment the outer flexible beam makes contact with an 
inseri:ed side grounding pin. In this way, full use is made of 
10 the extra contact pressure provided by the inner flexible 
beam. . In addition, the build-up of the contact pressure is 
more gradual . 

According to a further aspect of the invention, the 
inner flexible beam is part of a rim of a conductive shield 
15 and the outer flexible beam covers the inner flexible beam and 
adjacent cut out areas of the rim. 

Thus, no holes in the protective shielding occur - 
This also contributes towards realising the aim of providing 
an effective shielding that is also useable in the high- 
20 frequency range. 

According to an aspect of the invention, at least the 
outer flexible beam has a distal portion, which is bent away 
from the receiving space. 

This allows the provision of a long outer beam, cov- 

2 5 ering the inner beam, whilst keeping the point of contact with 

an inserted side grounding pin away from the leading end of 
the pin. As mentioned above, this is undesirable, since the 
inductance of the connection between cover shield and side 
grounding pin increases as the point of contact is moved fur- 

3 0 ther towards the leading end of the pin. 

The connector assembly according to the invention 
comprises a plurality of connectors according to any one of 
claims 1-7, 

An embodiment of the invention will now be explained 
35 in further detail with reference to the appended drawings. 

Fig- 1 is a perspective view of an embodiment of the 
cable connector according to the invention- 
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Fig. 2 is a perspective view of the connector assem- 
bly according to the invention, comprising a stack of 
connectors of the type shown in Fig. 1, prior to mating with a 
suitable header with side grounding pins. 
5 Fig. 3 is a perspective view of the inside of a 

lower cover part of a housing comprised in the connector of 
Fig. 1. 

Fig. 4 is a pei-spective view of the inside of an up- 
per cover part of a housing comprised in the connector of 
10 Fig. 1. 

Fig. 5 is a detailed view of the configuration of in- 
ner and outer flexible beams in the connector. 

Fig. 6 shows the interaction between a side grounding 
pin of the header and the flexible beams of the connector. 
15 Fig. 7 is a more detailed view of the lower cover 

part and outer flexible beam of the connector. 

Fig: 8 is a more detailed view of the upper cover 
-part and inner flexible beam of the connector. 

Fig. 9 is a perspective view of a connector assembly 

2 0 according to the invention. 

A cable connector 1 according to the invention is 
shown in perspective in Fig. 1. The connector 1 terminates two 
twin-axial cables 2, each provided with a shield 3, to prevent 
distortion of signals carried on the cables 2 by external 
25 electromagnetic interference. The body of the connector 1 is 

provided by a housing 4. This housing 4 is made of an insulat- 
ing material, e.g. a plastic such as a glass filled polyester, 
or similar composite. Other materials are possible . ^ -. 

In the shown embodiment of the invention, the connec- 

3 0 tor housing 4 is made up of two halves: a lower cover part 5, 

and an upper cover part 6. Perspective views of the inside of 
the lower and upper cover part 5, 6 are provided by Figs. 3 
and 7, and Figs. 4 and 8 respectively. 

The cables 2 enter the housing 4 at a rear edge 7 . 
35 The wires are electrically connected to terminals 8, visible 
in Fig. 3, disposed inside the housing 4, in this case of the 
female variety. At a front edge 9 of the housing 4, there are 
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five terminal openings 10, arranged in a row and providing ac- 
cess to the terminals 8 . 

The top face of the connector 1 is substantially cov- 
ered by a conductive shield 11. The shield 11 can be made of 
metal, for instance a copper alloy or INOX, although other 
choices of material are possible. At its edges, the conductive 
shield 11 partly wraps round side edges 12 of the housing 4, 
thereby forming rims 13, which can be seen in Fig. 4. 

The connector 1 shown in Fig. 1. is ideally suited for 
connection to a header 14 such as the one shown in Fig- 2. 
Such headers are primarily intended for fixing to printed cir- 
cuit boards. A plurality of connectors 1, preferably in a 
stacked assembly, can be connected to the header 14, as is ap- 
parent from Pig. 2. The assembly of connector 1 and header 14 
can thus be used to connect the cables 2 to conductive tracks 
on a printed circuit board. The header 14 of Fig. 2 is of the 
male variety, provided with contact pins 15, arranged in a ma- 
trix, with five in a row. Upon mating Qf the connector 1 with 
the header 14, the contact pins 15 are inserted into the ter- 
minal openings 10, and are received by the terminals 8 
disposed inside the housing 4. 

In addition to the five contact pins 15, the header 
comprises two side grounding pins 16 for each row, located at 
either end of the row. When the connector 1 is mated with the 
header 14, these side grounding pins 16 are received in re- 
ceiving spaces formed by slots 17 present at each side edge 12 
of the connector 1. The slots provide a degree of protection 
to the side grounding pin 16, but are not essential to the in- 
vention. The term receiving space is used here generally to 
refer to the space occupied by a side grounding pin 16, when 
the header 14 and connector 1 are connected, irrespective of 
the particular geometry of the connector housing 4. 

The connector comprises a flexible outer beam 18, po- 
sitioned at an angle a to the side edge 12 of the connector 1, 
so as to protrude into the receiving space for a side ground- 
ing pin 16. When the side grounding pin 16 is inserted into 
the space provided for receiving it, it makes contact with the 
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outer flexible beam 18, forcing it out of the receiving space. 
In the mated position, each side grounding pin 16 maintains 
electrical and mechanical contact. The flexible outer beam 18 
applies a contact pressure to the side grounding pin 16, due 
to the fact that it is flexed through contact with the side 

grounding pin 16. 

According to the invention, the connector 1 is pro- 
vided with a lower conductive shield 19, such that the outer 
face of each of the cover parts 5, 6 is substantially covered 
by one of the conductive shields 11, 19. The lower conductive 
shield 19 is in electrical contact with the upper conductive 
shield 11, thus encasing the connector . 

In the shown embodiment, the upper cover part 6 is 
covered by the first mentioned shield 11, and the outward 
15 looking face of the lower cover part 5, i.e. the face of the 
connector 1 opposite to the outer face provided by the upper 
cover part 6, is substantially covered by the lower, i.e. sec- 
ond, conductive shield 19, of which the flexible outer beam 18 
forms an integral part. Of course, it could just as well have 
2 0 been the other way round. That is, the outer flexible beam 18 
could have been part of the upper conductive shield 11, form- 
ing an integral part of it . 

According to the invention, the connector 1 comprises 
an inner flexible beam 2 0 for each outer flexible beam 18, 
25 disposed along a side edge 12, and positioned at an angle (3 to 
this side edge 12. The relation between the angles, and the 
relative locations along the side edge 12 of the inner and 
outer flexible beams 20, 18 are such that an inner flexible 
beam 2 0 is flexed through contact with an associated outer 
30 flexible beam 18, when the latter is forced out of the receiv- 
ing space for a side grounding pin 16. Fig. 5 shows the inner 
flexible beam 2 0 and its relation to the outer flexible 
beam 18 in more detail . 

Fig. 6 illustrates some of the design issues for the 
35 connector. One of the principal specifications for the connec- 
tor 1 is that the contact between the conductive shields 11, 
19 and the side grounding pins 16 have as low impedance as 
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possible. Both the resistance and the inductance must be 
small. The reluctance can be kept low by keeping the path from 
the point where the side grounding pin 16 protrudes from the 
header 14 to the point of contact 21 between outer beam 18 and 
side grounding pin 16 and the path from the proximal end 22 of 
the beam 18 to the point of contact 21, as short as possible. 
The proximal end 22 of the beam 18 is the end at which it is 
attached to the shielding. Beam 18 and side grounding pin 16 
function as an antenna along these paths, picking up interfer- 
ence from the environment. In effect, this requirement means 
that the distance from the header 14 to the point of con- 
tact 21, denoted as 1 in Fig. 6, must be kept small. The 
resistance of the contact depends primarily on the contact 
pressure between the flexible outer beam 18 and the side 

15 grounding pin 16 . 

Previously, these requirements have been met by pro- 
viding very stiff and short flexible outer beams 18, for 
.. instance beams .18 with. a relatively large thickness d. The 
shorter the length 1, the larger the thickness d must be to 

2 0 provide the required contact pressure. This approach has a 

number of drawbacks: firstly, the contact pressure is very de- 
pendent on the angle a between the flexible outer beam 18 and 
the side edge 12. Variations in this angle a lead to large 
variations in the contact pressure. Also, it is very difficult 

2 5 to guarantee that the required contact pressure can be repeat- 
edly reached. Thick beams have a tendency to quickly reach the 
limit of elasticity. Beyond this limit, the flexing of the 
beam is non-reversible , so that the angle a will have changed 
after repeated mating of the connector 1 with a header 14. The 

30 same holds true for the side grounding pin 16, which can also 
deform slightly over its lifetime. 

The approach taken by the present invention does not 
lead to such disadvantages. Due to the fact that the inner 
flexible beam 20 also plays a part in the build-up of the con- 

35 tact pressure, the inner and outer flexible beams 20, 18 can 
have a lower thickness, and/or the length 1 can be decreased. 
The former measure serves to diminish the amount of plastic 
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deformation, thus making it possible to guarantee the speci- 
fied contact pressure after the connector 1 has been mated 
with a header 14 a number of times. The latter measure lowers 
the inductance, allowing more effective shielding at higher 
5 frequencies . 

The angle P of the inner flexible beam 20 to the side 
edge 12 is preferably greater than the angle a of the outer 
flexible beam 18 to the side edge 12. In this way, the inner 
flexible beam 2 0 is in contact with the associated outer 

10 flexible beam 18, when the latter protrudes into the receiving 
space for a side grounding pin 16. Therefore, the inner flexi- 
ble beam 20 is flexed the moment the outer flexible beam 18 is 
flexed due to contact with a side grounding pin 16. This pro- 
vides the largest contact pressure, in addition to ensuring 

15 that the two conductive shields 11, 19 are always in electri- 
cal contact . 

As can be seen from Fig. 4, each inner flexible 
beam 20 is an integral part of the upper conductive shield 11, 
in the same manner as each outer flexible beam 18 is an inte- 

2 0 gral part of the lower conductive shield 19, and not a 

separate part- There are thus no extra small parts, making 
manufacturing much easier. No extra tooling is needed and no 
soldering, welding or riveting of such a small part as the 
beam is needed. Handling of the conductive shields 11, 19 is 

25 also much easier than handling a tiny part. In addition, only 
the tolerances in the manufacturing and in the positioning of 
the shields 11, 19 affect the position of the beams 18, 20 
along the side edge 12, and as a consequence, the distance 1 
along the side grounding pin 16 to the point of contact 21. If 

30 the beams 18, 20 were to be separate parts, manufacturing tol- 
erances for both beams 18, 2 0 and shields 11, 19 and 
tolerances in the positioning of each of these would affect 
the position of the beams 18, 20, making the tolerance chain 
for the position of the beams 18, 20 relative to the inserted 

35 side grounding pins 16 longer. 

In an advantageous embodiment of the invention, the 
shields 11, 19 with integrated beams 18, 2 0 are made from a 



wo 03/075411 



9 



PCT/EP03/02244 



single stamped and formed metal plate. They, or only the 
beams 18, 20, can also be plated to give the beams 18, 20 the 
desired conductive properties. For example, they can be plated 
with gold or nickel or an alloy thereof. 
5 Because the invention makes it possible to provide a 

high contact pressure without suffering the drawbacks of plas- 
tic deformation or high inductance, it may be possible to 
dispense with plating. This would be the case if the higher 
contact pressure by itself were to be sufficient to provide 

10 the (Ipw) contact iresistance required for a particular appli- 
cation of the connector. 

Since the beams 20, 18 are an integral part of the 
conductive shields 11, 19, the fact that they make contact 
with each other when flexed through contact with the side 

15 grounding pin 16, allows for better contact between the two 

conductive shields 11, 19. This diminishes impedance jumps be- 
tween the shields 11, 19. A complete enclosure of the 
housing 4 by a symmetric shielding is also much more effective 
at high frequencies . 

2.0 Another measure helping to ensure the complete enclo- 

sure of the housing 4 is the fact that the shields 11, 19 have 
rims 13 and 23 respectively, extending along the side edge 12. 
The flexible beams 18, 20 are stamped from these rims and con- 
nected to them at their proximal ends 22, 24. It is noted that 

25 in the shown embodiment, the flexible beams 18, 2 0 are ori- 
ented in such a way that their proximal ends 22, 24 are closer 
to the front edge 9 of the connector 1 than their distal 
ends 25, 26. This is true for both the inner and the outer 
flexible beams 20, 18. However, within the scope of the inven- 

3 0 tion, it is also possible that either the inner or the outer 

beam 20, 18, or both are oriented in opposite direction. Thus, 
an inner beam 2 0 can be oppositely oriented or run substan- 
tially parallel to the associated outer beam 18. The proximal 
end 22, 24 of either beam 18, 20 can be attached to a rim sec- 

35 tion 27 extending from the front end of the connector 1 or to 
a section 2 8 extending from the rear edge 7 of the connec- 
tor 1 . 
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This freedom of orientation is afforded more in par- 
ticular by the beam shape in the embodiment shown in the 
figures, wherein the inner and outer beams 20, 18 have a dis- 
tal portion 29 that is bent towards the side edge 12 to form a 
5 bend 30. In other words, the distal portion 29 is bent away 
from the receiving space. Thus, the location of the point of 
contact 21 is determined by the location of the bend 30. Thus, 
the distance 1 from the point where the side grounding pin 16 
protrudes from the header 14 to the point of contact 21 be- 

10 tween the side grounding pin 16 and the corresponding outer 

b4am 18 is independent of the length of the outer beam 18. The 
distance is only determined by the location of the bend and 
the angle a of the outer beam 18 to the side edge 12. Since 
the length of the beam can be set independently of the other 

IS two parameters, the resultant design is less of a compromise, 
meaning that the finished product is better . able to fulfil the 
requirements specified for a particular application accurately 

and coiisistently . 

It is. preferred to make use of the fact that the 

20 length, of the outer and inner beams 18, 20 can vary within a 

certain range without affecting the point of contact 21 to the 
side grounding pin 16. Figs. 5, 7 and 8 show that the outer 
' flexible beam 18 extends along the side edge 12 over a larger 
distance than the inner flexible beam 20. The outer flexible 

25 beam 18 covers the inner flexible beam 2 0 and adjacent cut out 
areas of the rim 13, of which the inner flexible beam 2 0 is a 
part. Thus, the inner flexible beam 20 and gaps around its 
edge, due to stamping, forming and the fact that it is bent 
outwards at an angle p to the side edge 12, are completely cov- 

30 ered by the associated outer flexible beam 18. 

The outer flexible beam 18 covers an imaginary area, 
projected in a direction perpendicular to the side edge 12, as 
shown in Fig. 7. An area defined by the inner beam 20 and all 
openings in the rim 13 of the upper conductive shield 11 due 

35 to stamping, forming and bending of the inner beam 20, is 

shown in Fig. 8. Length and height of this latter area are de- 
noted as I2 and ha , respectively. In the preferred embodiment 
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of the invention shown here, the area covered by the outer 
beam 18 has a larger length li and height hi than the length I2 
and height hz of the inner flexible beam 20. 

The advantage of this arrangement is to ensure that a 
5 complete shielding of the connector 1 is provided. The shield- 
ing completely encases the housing 4, leaving no gaps. In 
addition, it is more difficult for dust or small foreign bod- 
ies to enter the connector 1 through the side edges 12 in this 

configuration. 

As shown in Fig. 9, the described embodiment of the 
connector according to the invention is stackable. Locking 
clips 31 keep the connectors 1 aligned relative to each other 
and hold them in position. Preferably, the upper conductive 
shield 11 of a connector 1 is in contact with the lower con- 

15 ductive shield 19 of a connector 1 stacked on top of it. In 
this way, a complete shielding of the entire assembly is 
achieved. Because the connectors 1 comprise both a lower and 
an upper conductive shield 19, 11, there is a shield on either 
side of the stack, so that the terminals 8 of all the connec- 

20 tors 1 are enclosed by the shielding. 

It will be apparent to those skilled in the art that 
the invention is not limited to the embodiment described 
above, which can be varied in a number of ways within the 
scope of the attached claims. For example, it is not a neces- 

25 sary aspect of the invention, that there be only one outer and 
inner flexible beam 18, 20 for each side edge 12 of the con- 
nector, nor that each outer flexible beam have an associated 
inner flexible beam if several outer flexible beams are pro- 
vided for each side grounding pin. 



